In this paper we explore the use of weak B-trees to represent McCreight, Plass and Roberts, yet it has many of its properties. Our structure is as simple as the one proposed by Brown/Tarjan, but our structure can treat arbitrary sequences of insertions and deletions whilst theirs can only treat non-interacting insertions and deletions.
structure is substantially simpler than the one proposed by Guibas,
McCreight, Plass and Roberts, yet it has many of its properties. Our structure is as simple as the one proposed by Brown/Tarjan, but our structure can treat arbitrary sequences of insertions and deletions whilst theirs can only treat non-interacting insertions and deletions.
I. Introduction: Balanced trees allow the execution of the tree basic dictionary operations Search, Insert and Delete in logarithmic time.
In conventional applications searches always start at the root of the tree and then proceed towards the leaves. Hence they take time O(log n),
where n is the current size of the file. Insertions and Deletions are always preceeded by a search. They consist of adding or pruning a leaf and subsequent rebalancing. Rebalancing is restricted to the path from the new or deleted leaf to the root and calls for local changes of the tree s t r u c t u r e in some nodes of that path. Of course, "some" is always O ( l o g n) and h e n c e it "only" i n f l u e n c e s the c o n s t a n t s in the i n s e r t i o n and d e l e t i o n times. In a p a r a l l e l e n v i r o n m e n t , i.e. several p r o c e s s e s are o p e r a t i n g on the same tree, it also i n f l u e n c e s the d e g r e e of p a r a l l e l i s m .
Recently, there has b e e n a g r o w i n g i n t e r e s t in less c o n v e n t i o n a l a p p l ic a t i o n s of b a l a n c e d trees. In these a p p l i c a t i o n s s e a r c h e s start at the leaves, p r o c e e d towards the root then turn a r o u n d and p r o c e e d downw a r d s again. Thus i n s e r t i o n and d e l e t i o n costs are not n a t u r a l l y dom i n a t e d by the cost of the searches. This o b s e r v a t i o n has led to a n u m b e r of new data s t r u c t u r e s ( G u i b a s / M c C r e i g h t / P l a s s / R o b e r t s , M e h l h o r n 79a) as well as to a more d e t a i l l e d a n a l y s i s of e x i s t i n g data structures ( B l u m / M e h l h o r n , B r o w n / T a r j a n , M e h l h o r n 79b).
In this paper we e x p l o r e the use of weak B -t r e e s for the r e p r e s e n t a
t i o n of l i n e a r lists. In w e a k B -t r e e s all leaves have the same depth and every i n t e r i o r node has at least a and at m o s t b sons for some constants a,b w i t h b ~ 2a. In o r d i n a r y B -t r e e s ( B a y e r / M c C r e i g h t )
we have b = 2a-I. We a n a l y s e the cost of s e q u e n c e s of i n s e r t i o n s and d e l e t i o n s into w e a k B -t r e e s and show that this cost is linear in the length of the s e q u e n c e w h e n the initial tree is empty. In the case of an arbitrary s t a r t i n g tree we d e r i v e a b o u n d in terms of the p o s i t i o n s of the i n s e r t i o n s and d e l e t i o n s .
In s e c t i o n III we go on to show that w e a k B -t r e e s are well suited to r e p r e s e n t s o r t e d linear lists. L e v e l -l i n k e d w e a k B -t r e e s allow very e f f i c i e n t searches by the use of fingers° A finger is a p o i n t e r to a leaf of the tree. S e a r c h times are l o g a r i t h m i c in the d i s t a n c e f r o m the finger. F i n g e r s c a n be e s t a b l i s h e d and m o v e d in c o n s t a n t time, and ins e r t i o n s and d e l e t i o n s take c o n s t a n t time on the a v e r a g e (averaged over a s e q u e n c e of i n s e r t i o n s and d e l e t i o n s ) . H e n c e the cost of the s e a r c h e s d o m i n a t e s the total cost.
Our s t r u c t u r e (almost) c o m b i n e s the a d v a n t a g e s of the s t r u c t u r e s proposed by G u i b a s / M c C r e i g h t / P l a s s / R o b e r t s and B r o w n / T a r j a n and avoids their d i s a d v a n t a g e s . It is much s i m p l e r than the s t r u c t u r e of Guibas et al. and yet has the same b e h a v i o r for s e q u e n c e s of o p e r a t i o n s . M o r e p r e c i s e l y , in their case the cost of every single i n s e r t i o n and del e t i o n is d o m i n a t e d by the p r e c e e d i n g search, in our case this is only true for a s e q u e n c e of o p e r a t i o n s . However, f i n g e r c r e a t i o n s are m u c h
